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(54) Valve spool construction 

# (57) A solenoid valve (32) for use in a fuel system includes a valve body (33) with a central core and three 
interconnected passageways (34 - 36). A spool (37) is disposed with the central core and lb ^ means of eJ arged 
and reduced diameter portions controls the flow through the solenoid valve (32). SolenoiJ aVmVtures 
cooperatively control movement of the valve spool (37) which is sized and shaped so as o P S a fuel flow 
path from an inlet passageway (34) to an outlet passageway (35) when the solenoid valvT(32?te1n ™ JI 

^S!S^ S T <37> is shmed to 3 closed condition ' ?ow pSthT 

I pf n thJ £ f f P , Ut P assa ^ way (35) t0 3 drain P assa 9eway (36). The drain passageway (36) aMows excess 
Hniln 1 * h I 60 ' 0 / t0 dr3m t0 . reHeVe fuel pressure on the meterin 9 P ,u "9er. As the spool 
c osed condition to an opened condition, sane fuel flows to the drain passageway (36) The' l™urtoi*Zl 
"loss" depends on the speed of the spool (37) and the size of the drain passageway (^ 
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"A SOLENOID VALVE FOR USE IN A PRESSURISED FLUID 
DELIVERY SYSTRM" 

BACKGROUND OF THE INVENTION 

5 centre, ?,'*"*"' inVenti °" relates in ■•».».! ^ valves which 
control the passage of fluid between two or .ore locations 
More specifically the present invention relates to a 
three-way. solenoid valve which is used to control the flow 
of (luia between three locations in a fuel delivery system 

°" e ° f controlling the precise delivery of a high 

pressure lord is to use a solenoid valve where the ar,„ature 
of the solenoid either controls or is configured similar to 

he shape of a spool valve. Either one or two solenoids „,ay 
be used to control movement of the spool valve between a 
valve-closed position and a valve-opened position. Typically 
15 the spool rs configured with enlarged ends and an 

intermediate blocKing portion with reduced dimeter portions 

endHf m Ch iia "'" et,i " e F°"ion. The 

ends of the spool valve may be utilized as part of the 
sealing „ ith in the valve housing. The reduced diameter 
portrons between the enlarged ends and the intermediate 
blocking portion provide for the flow of Cluid over amJ 

around the spool valve Tn i i,« n 

V vaive. in the valve-opened condition, a 

flow path is established for pressurized fluid to enter 
Lhrougl, an inlet passageway and exit through an outlet 
25 passageway. The speed of the solenoid armature and thus the 
speed of the spool valve moving from a closed fcQ , n 
potion determines the preciseness of the fluid flow volu„,e 
which is delivered and the preciseness of the opening and 
closing times. 



When a solenoid valve of the type described is used in 
conjunction with a fuel injector, for example, there will be 
a need to permit the backflow of fuel to an open drain port 
in the solenoid valve which will return this fuel to the fuel 
tank or other fuel reservoir. By allowing some of the fuel 
to drain from the injector, this relieves the fluid pressure 
on the metering plunger of the injector. By relieving this 
fluid pressure the metering plunger is allowed to return to 
its normal position for the start of another injection 
cycle . 

A typical solenoid valve for this application would 
include an inlet port or aperture, an outlet port, and a 
separate drain port, all fabricated into a valve housing and 
internally flow coupled. Typically these three ports or 
passageways are arranged to intersect a common central core 
opening extending through the valve housing. This central 
core which is generally cylindrical is constructed and 
arranged to receive the spool valve. In the opened 
condition, pressurized fuel is able to travel from the inlet 
to the outlet over and around the spool valve. In this 
configuration, the drain passageway is closed. After the 
charge of fuel has been delivered, the solenoid valve shifts 
to its closed condition which prevents the introduction of 
any more pressurized fuel through the. inlet port. In the 
closed condition, flow communication between the outlet port 
and the drain port is permitted and this allows the fuel in 
the injector to drain back so as to prepare the injector for 
the next charge of fuel which it will receive. 

In this typical type of solenoid valve there are two 
current concerns which could constitute significant problems 
depending on their extent or magnitude. The first concern 
relates to a transition loss which can occur during movement 
of the spool valve between its closed and opened conditions. 
When the spool valve moves from a closed condition to an 
opened condition there is an opportunity for a small amount 



-3- 



of the entering high pressure fluid to escape to the drain 
port rather than all of the entering fluid going to the 
outlet port. Thus, during the "transition" of the spool 
valve from a closed to opened condition, there is some fluid 
5 "loss" to the drain. 

The second concern relates to cavitation which is caused 
in part by the speed of the spool valve as it moves through 
the valve body. Transition loss and cavitation significantly 
affect system performance and affect the development of high 
10 performance solenoid valves. it is therefore important to 
design a three-way solenoid valve such that transition loss 
and cavitation are reduced. 

It is known that the larger the drain orifice area, the 
more significant the transition loss and cavitation for a 
15 given spool valve speed. If the sole issue is the diameter 
size of the drain orifice relative to the opening speed of 
the solenoid valve, a smaller drain orifice could be 
considered. Experimental work with different orifice sizes 
for the drain passageway lias confirmed that a smaller drain 
orifice does improve valve performance. This experimental 
work compared a drain orifice with a diameter size of 0.06 
inches (1.52 mm) as compared to a drain orifice diameter size 
of 0.04 inches (1.02 mm). A second concern then becomes the 
draining duration from the injector as the length of the 
25 draining duration is directly proportional to the reciprocal 
of the drain orifice diameter. It has been determined that 
the end of the draining duration can be allowed to go up to 
720 degrees of crank angle after fuel injection. This 
indicates that significantly smaller drain orifice diameters 
can be used, such as diameters in the 0.01 inch (0.25 nun) to 
0.02 inch (0.51 nun) range. 

While this "theory" is analytically sound, there are 
other manufacturing realities to consider, such as the cost 
of the solenoid valve if a drilled drain passageway in the 
0.01 inch (0.25 nun) diameter range is required. A larger 
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drain orifice would certainly reduce the valve cost, but this 
would bring back into play the associated concerns of 
cavitation and transition loss. Therefore, a solution that 
balances these competing interests is needed. 

The present invention provides a unique and obvious 
solution to this problem by creating a variable drain orifice 
which is based on a larger drilled bore for the drain 
passageway and orifice but which uses the spool geometry to 
reduce cavitation and transition loss. 

Over the years, a variety of solenoid valve designs have 
been contemplated, several of which have become the subject 
of patent applications and issued patents. Below is a 
listing of six issued United States patents which are 
believed to provide a representative sampling of these 
earlier designs. Also listed is a pending U.S. patent 
application which discloses a three-way valve having various 
flow channels formed between the valve member and the valve 
housing . 



PATENT/ SN NO. 

20 3,587,156 
3 , 921, 660 
4 , 582 , 294 
4,598,736 
4 ,726,493 

25 4,932,439 
SN 034,041 
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SUMMARY OF THE INVENTION 

A solenoid valve for use in a pressurized fluid delivery 
system according to one embodiment of the present invention 
comprises a valve body defining therein three interconnected 
5 flow passageways wherein a first passageway is used for fluid 
input, a second passageway is used for fluid output to a 
primary location, and a third passageway is used for fluid 
output to a secondary location. a movable valve spool is 
disposed within the valve body and is axially movable between 
a valve-closed position and a valve-opened position, the 
movable valve spool being constructed and arranged such that 
the second and third passageways are in flow communication 
with each other when the movable valve spool is in the 
valve-closed position, and the first and second passageways 
are in How communication with each other when the movable 
valve spool is in the valve-opened position, and the movable 
valve spool having an elongated blocking end arranged 
relative to the third passageway so as to reduce the flow 
through orifice area of the thixd passageway when the movable 
valve spool is in the valve-closed position. 

One object of the present invention is to provide an 
improved three-way solenoid valve for a fuel delivery system 

Related objects and advantages of. the present invention 
will be apparent from the following description 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a diagrammatic side elevational view in full 
section of a prior art solenoid valve in a valve-closed 
condi t i on . 

5 FIG. IB is a diagrammatic, side elevational view in full 

section of the FIG. 1A solenoid valve with the valve spool 
moving from a closed to an opened condition. 

FIG. 1C is a diagrammatic, side elevational view in full 
section of the FIG. 1A solenoid valve in an opened condition. 
10 FIG. 2A is a diagrammatic, side elevational view in full 

section of a three-way solenoid valve in a closed condition 
according to a typical embodiment of the present invention. 

FIG. 2B is a diagrammatic, side elevational view in full 
section of the FIG. 2A solenoid valve with the valve spool 
15 moving from a closed to an opened condition. 

FIG. 2C is a diagrammatic, side elevational view in full 
section of the FIG. 2A solenoid valve in an opened condition. 

FIG. 3 is a side elevational view in full section of a 
three-way solenoid valve embodying the present invention 

20 as arranged with a pair of controlling solenoids. 

FIG. 4 is an enlarged detail, side elevational view in 
full section of the valve spool of the FIG. 3 arrangement 
relative to the drain orifice when the solenoid valve is in a 
closed condition. 
2 - FIG. 5 is an enlarged detail, side elevational view in 

full section of the valve spool of the FIG. 3 arrangement 
relative to the drain orifice when the solenoid valve is in 
its opened condition. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 



For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
the embodiment illustrated in the drawings and specific 
5 language will be used to describe the same. It will 

nevertheless be understood that no limitation of the scope of 
the invention is thereby intended, such alterations and 
further modifications in the illustrated device, and such 
further applications of the principles of the invention as 
0 illustrated therein being contemplated as would normally 
occur to one skilled in the art to which the invention 
relates. 

Referring to FIGS 1A, IB, and 1C, there is 
diagrammatically illustrated a three-way solenoid valve 20 
5 which is configured in a conventional manner, and which is 
representative of the prior art. The three-way designation 
comes from the fact that there are three passageways 21, 22, 
and 23 created within the valve body 24, each of which are in 
flow communication with a central core volume 24a. Spool 25 
is directly connected at each end to a corresponding solenoid 
armature. The movement of the armatures controls the 
movement and positioning of the spool as well as the speed at 
which the spool moves from a valve-closed condition (FIG. 1A) 
to a valve-opened condition (FIG. 1C) . 

Passageway 21 represents the input path of the entering 
fluid. In the preferred embodiment, the fluid is pressurized 



fuel. Passageway 22 represents the output path from the 
valve body 24 for the entering fluid. In the preferred 
embodiment, the exiting fluid (fuel) flows to a fuel 
injector. The solenoid valve 20 may be integrated in its 
5 construction with the fuel injector or may be separated from 
the injector. Passageway 23 represents a drain path in order 
for the fuel returning (draining) from the injector to be 
returned to the fuel supply or other fuel reservoir. The 
geometry of the valve spool 25 relative to the configurations 

10 of the valve body 24 and central core 24a results in the 

desired flow path from the input path to the output path and 
from the output path back to the drain path. 

In operation a pressurized actuating fluid (fuel) is 
either introduced into passageway 21 (FIG. 1A) or is present 

15 in passageway 21 while the solenoid valve is held closed by 
the position of the solenoid armatures. In this condition, 
the output passageway and drain passageway are in open 
communication with each other. There is though no open flow 
path between passageway 21 and passsageway 22. When there is 

20 a desire or command to deliver a charge of fuel to the fuel 
injector, the solenoid is actuated and the valve spool 25 
moves rapidly to the left. The configuration of spool 25 is 
such that it will abut up against an interior portion of the 
valve body 24 so as to close off the drain passageway 23 from 

25 the output passageway 22 and open a path from the input 
passageway 21 to the output passageway 22. 
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The valve spool 25 is configured with two enlarged ends 
25a and 25b and an enlarged intermediate blocking portion 
25c. The areas on either side of the intermediate blocking 
portion 25c are of a reduced diameter and are the areas which 
5 enable flow around the valve spool from one passageway to 
another . The movement of spool 25 is di ag rammat ica 1 ly 
illustrated in FIG. IB and the valve-opened condition is 
diagrammatic-ally illustrated in FIG. 1C. 

As should be clear, as the spool 25 moves from a closed 
10 condition to an opened condition, it is possible for some 
portion of the pressurized actuating fluid to flow from the 
input passageway 21 to the drain passageway 23. This flow is 
considered to be a transition loss and the magnitude of tiiis 
loss is determined by the speed of spool 25 and the size of 
15 the drain orifice 29 of the drain passageway 23. When the 
spool returns to the valve-closed condition of FIG. 1A, 
sealing the input passageway, there is a flow path created 
for the backflow of fuel from the injector. The duration of 
the draining phase from the injector to the drain needs to be 
20 such that the injector is drained of any excess fuel and then 
made ready for the next charge of fuel to be delivered. As 
mentioned in the background discussion, draining some of the 
fuel from the injector relieves the fluid pressure on the 
metering plunger of the injector and allows the plunger to 
25 return to its normal position as would be reguired for the 
start of another injection cycle. 



-10- 



Tlie length of the draining duration is proportional to 
the reciprocal of the drain orifice 29 diameter. Therefore, 
a larger drain orifice will reduce the draining duration. 
However, with a larger drain orifice area, significant 
5 cavitation can occur and this adversely affects valve 
performance. In order to reduce transition loss and 
cavitation, experiments have been run comparing various 
effects on performance as the size of the drain passageway 
and drain orifice are reduced. It has been found that fairly 

10 small diameter sizes in the range of 0.01 inches (0.25 mm) to 
0.02 inches (0.51 mm) can be used and still provide 
sufficient draining capacity and a short enough duration for 
the injector to be drained and readied in time to receive the . 
next charge of fuel. The drawback with reducing the diameter 

15 of the drain passageway and orifice to this somewhat minute 
size range is the corresponding cost of the solenoid valve. 
The required machining setup and the time to accurately 
position and hold a fairly long drilled passageway of this 
small diameter size adds significantly to the cost of the 

20 solenoid valve. The present invention addresses the problems 
of cavitation, transition loss, and higher cost with a 
compromise design that solves these problems in a unique and 
unobvious way. 

Referring now to FIGS. 2A, 2B, and 2C, a three-way 
2 5 solenoid valve 3 2 in which the present invention is embodied is 
diagrammatical ly illustrated. The valve body 33 is very 
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siniilar in size, shape, and arrangement to the prior art 
valve body 24 of FIGS. 1A, IB, and 1C . Likewise, flow 
passageways 34, 35, and 36 are of a similar size, shape and 
location to passageways 21, 22, and 23. Passageway 34 
5 represents the flow input, passageway 35 represents the flow 
output to the injector, and passageway 36 represents the 
drain path. Spool 37 still moves right to left for opening 
the solenoid valve 32 and left to right for closing. As is 
illustrated in FIG. 3, the valve spool 37 of the present 
10 invention is controlled by a pair of oppositely disposed 
solenoids with their corresponding armatures acting upon 
opposite ends of spool 37. in a manner similar to what was 
described with regard to the prior art configuration of FIGS. 
1A, IB, and 1C, spool 37 has a pair of enlarged ends, an 
15 enlarged intermediate or center portion, and two reduced 
diameter areas on either side of the intermediate center 
portion. These reduced diameter areas enable the flow across 
and around the valve spool 37. 

The primary focus of the present invention is to create a 
20 variable flow area drain orifice 30. To the extent that the 
drain passageway through the valve body is a drilled hole, 
the flow area of the drain orifice 30 will be the same as the 
flow area of the drain passageway. However, the variable 
flow area which is provided by the present invention focuses 
25 only on the drain orifice and a reduction in the size of that 
orifice by partially blocking it with one end of the valve 
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spool. In the preferred embodiment this is accomplished by 
reshaping the valve spool 37 so as to axially extend or 
elongate end 41 so as to parlially block the drain orifice 38 
when the solenoid valve is in its valve-closed condition as 
5 illustrated in FIG. 2A. The left end 41 of spool 37 which 
already has an increased diameter size has been lengthened 
axially or longitudinally over what would be thought of as a 
typical or traditional spool as illustrated in FIGS. 1A, IB, 
and 1C. By lengthening enlarged spool end 41, a substantial 

10 portion of the drain orifice flow area is blocked. In the 
preferred embodiment, approximately 80% of the drain orifice 
area is blocked by spool end 41. This allows the use of a 
drill with a diameter size of 0.10 inches (2.54 mm) for the 
drain passageway and drain orifice. By blocking roughly 80% 

15 of this orifice flow area, the resulting flow area available 
for draining fuel from the injector would be a sector-shaped 
area corresponding to an opening of approximately 0.02 inches 
(0.51 mm) in diameter. While the foregoing mathematics may 
prove the point as to the area reduction, it is also to be 

20 understood that the corresponding geometries of the circular 
drain orifice and the cylindrical blocking end 41 will 
actually result in a sector slice of the drain orifice being 
left open and thus not a true diameter flow area. However, 
the point is that the end 41 can be modified (extended) so as 

25 to block a substantial portion of the drain orifice and 

achieve the desired results of reduced transition loss and 
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reduced cavitation without any noticeable increase in the 
cost of the valve. 

As spool 37 moves to the left or in the valve-opening 
Phase (FIG. 2B) , the full orifice area will not be 
5 i.nmediately opened and accessible to the incoming fuel as was 
Hue with the prior art arrangement of FIG. IB. By reducing 
the area of the drain orifice which sees the incoming fuel 
the transition loss is reduced and the cavitation effects are 
reduced. In the closed condition (FIG. 2A) the reduced area 
10 or^xce is still large enough for completing the draining 
Phrase from the injector before the next charge of fuel is 
delivered to the injector. 

By using a larger drain passageway and orifices compared 
to an orifice of 0.01 inches (0.25 mm) to 0.02 inches (0.51 
15 mm) in diameter, the cost of the solenoid valve is less while 
still providing an improved design. The only added cost with 
the present invention is the cost of more material on the end 
of the spool which is essentially negligible. By being able 
to use larger drill sizes for the drain passageway, the 
20 machining costs are able to be controlled and kept within 
reason for a lower cost solenoid valve. 

Referring to FIG. 3 there is illustrated a solenoid valve 
4 5 m which the present invention is embodied. Valve 45 is intended 
to provide a more realistic configuration of what was only 
25 diagra.nmatically illustrated in FIGS. 2A, 2B, and 2C The 
three fig. 2 views yield a very clear and demonstrative 
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example of the present invention in a manner similar to how 
the prior ait was illustrated in FIG. 1. However, the actual 
arrangement as depicted in FIG. 3 shows the fuel-in path 46, 
fuel-out path 47, two opposing solenoid coils 48 and 49, two 
5 armatures 50 and 51, and spool 52. As illustrated, spool 52 
is positioned between the two solenoid armatures and across 
the input to output fluid flow path. Drain passageway 55 is 
illustrated by a broken line representation. This is the 
primary drain path leading from the solenoid valve though 

10 there are two other drain path portions which are illustrated 
in FIGS. 4 and 5 and which are the focus of the present 
invention. As will be noted from the FIG. 3 illustration, 
the valve spool 52 has two oppositely disposed enlarged ends 
and an -intermediate or center portion also of an enlarged 

15 diameter. On either side of the enlarged diameter center 
portion of the spool are reduced diameter portions in order 
to provide the fuel flow in and around the valve spool. 

The specific geometry of spool 52 relative to the valve 
body 58 and drain orifice 59 when in a valve-closed condition 

20 is illustrated in FIG. 4. As illustrated, the drain orifice 
59 is partially closed by spool end 60. The small flow area 
which is left is seen as a small area drain orifice by the 
overall solenoid valve system resulting in reduced transition 
loss and cavitation but without the corresponding higher cost 

25 of drilling a small diameter orifice. These same components, 
when in a valve-opened condition, are illustrated in FIG. 5. 



Willi regard to both FIGS. 4 and 5, it is to be noted that the 
drain orifice 59 is at the lower open end of a drilled 
passageway Gl and the drill path is illustrated by broken 
lines 61a. Open region 62 provides a flow communication patli 
5 from drain passageway 61 to drain passageway 55. 

Movement of valve spool 52 to the left closes the drain 
orifice off from the incoming fuel flow. A return of spool 
52 to the FIG. 4 condition allows the fuel to drain from the 
injector and to do so fast enough to have the injector ready 
10 for the next charge of fuel. As illustrated in FIGS. 4 and 
5, the spool end 60 has been provided with an elongated 
configuration so that a portion of this spool end extends 
across a substantial portion of the drain orifice 59. 
Although the geometric shape of the valve spool relative to 
the cylindrical or circular shape of the drain orifice leaves 
an open sector area for fuel drainage, this sector shape can 
be controlled by controlling the axial length of spool end 60 
so as to leave a drain orifice area which is just large 
enough in flow area to drain the injector in time for the 
next charge of fuel. By reducing the flow area of the drain 
orifice to the minimum size necessary for the draining cycle, 
there is less area for fuel to flow into as the solenoid 
valve is opened. With less area for fuel to flow into from 
the flow input to the drain, there will be less transition 
loss and reduced cavitation. 
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Another feature of the present invention is the angled 
drill direction which creates drain passageway 61 and drain 
orifice 59. The angled drill direction defines an acute 
included angle relative to the direction of movement of the 
5 valve spool. While the angled direction of drilling is 
necessary in order to have the desired drill clearance, it 
also creates an elliptical drain orifice area. The major 
axis of the ellipse runs parallel to the movement direction 
of the valve spool and enables greater design freedom in the 

10 sizing and positioning of the enlarged spool end 60 so as to 
achieve the precise reduced flow area for the drain orifice 
which is desired. 

While the invention has been illustrated and described in 
detail in the drawings and foregoing description, the same is 

15 to be considered as illustrative and not restrictive in 
character, it being understood that only the preferred 
embodiment has been shown and described and that all changes 
and modifications that come within the spirit of the 
invention are desired to be protected. 
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CLAIMS: 



1. A solenoid valve for use in a pressurized fluid 
delivery system, said solenoid valve comprising: 

a valve body defining therein three interconnected flow 
5 passageways wherein a first passageway is used for fluid 
input, a second passageway is used for fluid output to a 
primary location, and a third passageway is used for fluid 
output to a secondary location; 

a movable valve spool disposed within said valve body 
10 winch is axially movable between a valve-closed position and 
a valve-opened position, said movable valve spool being 
constructed and arranged such that said second and third 
passageways are in flow communication with each other when 
said movable valve spool is in said valve-closed position and 
15 sard fxrst and second passageways are in flow communication 
with each other when said movable valve spool is in said 
valve-open position; and 

said movable valve spool having an elongated blocking end 
arranged relative to said third passageway so as to reduce 
the flow through orifice area of said third passageway when 
sard movable valve spool is in said valve-closed position. 

2. A solenoid valve according to claim 1 wherein said valve 
spool includes two enlarged ends and an enlarged intermediate 
blocking portion will, two flow-over reduced diameter 
25 Portions, one each on either side of said intermediate 
blocking portion. 

3 • A solenoid valve according to claim 1 wherein said third 
Passageway is drilled at an acute included angle relative to 
the direction of movement of said valve spool. 

3 0 4. A solenoid valve according to claim 1 wherein said elongated 

blocking end reduces the flow through orifice area of said 
third passageway by at least 50 percent. 



20 
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5 . A solenoid valve according to claim 4 wherein said valve 
spool includes two enlarged ends and an enlarged intermediate 
blocking portion with two flow-over reduced diameter 
portions, one each on either side of said intermediate 
blocking por t ion . 

6 . A solenoid valve according to claim 5 wherein said third 
passageway is drilled at an acute included angle relative to 
the direction of movement of said valve spool. 

7. A three-way solenoid valve for use in a fuel 
delivery system, said solenoid valve comprising: 

a valve body defining a central core and first, second, 
and third passageways which are arranged in flow 
communication with said central core; 

a valve spool disposed in said central core and movable 
between a valve-closed position wherein said second and third 
flow passageways are in flow communication with each other 
and a valve-opened position wherein said first and second 
flow passageways are in flow communication with each other; 
and 

said third passageway having an inlet orifice and said 
valve spool including a flow restrictor portion disposed 
adjacent to said inlet orifice for reducing the flow area of 
said inlet orifice when said valve spool is in said 
valve-closed position. 

0 • A solenoid valve according to claim 7 wherein said valve 
spool includes two enlarged ends and an enlarged intermediate 
blocking portion with two flow-over reduced diameter 
portions, one each on either side of said intermediate 
blocking portion . 
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9 . A solenoid valve according to claim 7 wherein said third 
passageway is drilled at an acute included angle relative to 
the direction of movement of said valve spool. 

10. A solenoid valve according to claim 7 wherein said elongated 
5 blocking end reduces the flow through orifice area of said 

third passageway by at least 50 percent. 

11. A solenoid valve according to claim 10 wherein said valve 
spool includes two enlarged ends and an enlarged intermediate 
blocking portion with two flow-over reduced diameter 

10 portions, one each on either side of said intermediate 
blocking portion. 

12. A solenoid' valve according to claim 11 wherein said third 



passageway is drilled at an acute included angle relative t 
the direction of movement of said valve spool. 

13. A solenoid valve substantially as described hereinbefore with 
reference to the accompanying drawings and as shown in Figures 2A, 2B 
and 2C of those drawings or in Figures 3 to 5 of those drawings. 
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